INCE the introduction of CT scanning as the principal diagnostic investigation in neurosurgery, there has been a significant reduction in mortality and morbidity in association with brain abscesses. 18, 19 Abscesses located in the deep parenchyma and in eloquent regions of the cortex have been traditionally managed either with aspiration or with empiric broad-spectrum antibiotic therapy. With the advent of refined and user-friendly stereotactic frames, many of the deep-seated abscesses can be accurately localized and aspirated. In the present article, we reviewed our experience with 22 patients with deep-seated intracranial abscesses treated over a 7-year period and analyzed the outcomes. We also analyze the cases in which repeated aspirations were required due to lack of adequate resolution of the abscesses after initial aspiration.
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Object. Intracranial abscesses located deep in the cerebral parenchyma and in eloquent regions are often difficult to manage surgically. The authors have attempted to analyze the efficacy of stereotactic aspiration in the management of these abscesses.
Methods. Cases involving 22 patients (including 9 children) with deep-seated and/or eloquent-region intracranial abscesses who underwent CT-or MR imaging-guided stereotactic aspiration between January 1995 and July 2001 were analyzed.
Results. A definite source of infection could be identified only in 9 of the cases. In 18 patients, the abscess was deep seated, whereas in the rest it was located in the eloquent cortex. Five patients had abscesses located in multiple sites. In 17 patients only 1 aspiration was required; in 5 others subsequent procedures were required. In the initial postaspiration CT, minor hemorrhage was noted in 3 patients not requiring further intervention. Antibiotics were administered for a period varying from 4 to 8 weeks following aspiration. An early recurrence (within 2 weeks of initial aspiration) was evident in 5 patients. All recurrent abscesses were reaspirated. In 2 patients new abscesses developed while the patients were still receiving antibiotic therapy. There were no late recurrences. In 1 patient ventriculitis developed, with subsequent hydrocephalus requiring a shunt insertion. Follow-up CT scans showed complete resolution of the abscess in all patients. There were no deaths.
Conclusions. Stereotactic aspiration is a useful management option for abscesses located in eloquent or inaccessible regions. Repeated aspiration should be considered in patients in whom the initial aspiration proves ineffective or partially effective. Complete resolution may require repeated stereotactic aspirations and continued antibiotic therapy. 
S
drill. The abscess cavity was entered using a 1-mm canula, and gentle aspiration was performed using a 2-ml syringe. Every attempt was made to aspirate the maximum amount of pus at the initial procedure. The procedure was terminated when the aspirate became blood tinged or no further aspiration could be performed. During the procedure, the larger abscesses were irrigated with gentamicin in saline (8 mg/ml). Upon completion of the procedure, the wound was closed with a single skin suture.
After the initial aspiration and collection of pus for culture, empiric antibiotic treatment was initiated, using a combination of 3 antibiotics administered intravenouslyeither chloramphenicol, ampicillin, and metronidazole or a third-generation cephalosporin (cefotaxime, ceftriaxone), an aminoglycoside, and metronidazole. A CT scan was performed 4-6 hours postaspiration to exclude any hemorrhagic complications. Neuroimaging studies were repeated initially at weekly intervals and subsequently at intervals of 2 weeks. Appropriate antibiotics, depending on the culture results, were continued for a minimum of 4 weeks or longer. For cases in which culture results revealed that the infecting organism was sensitive to multiple antibiotics, an oral antibiotic with good central nervous system penetration was preferred. Follow-up CT scans were performed at regular intervals to assess the response to treatment and the size of the residual abscess. "Early recurrence" was defined as increase or lack of reduction in the abscess diameter demonstrated on follow-up CT within 2 weeks of initial aspiration. Recurrences occurring Ն 2 weeks after the initial aspiration were considered "late recurrence." Abscesses that developed in locations other than the one initially aspired while the patient was being treated with antibiotic therapy were considered "new abscesses." Recurrent abscesses were managed with repeated aspirations to evacuate the residual pus and with continuation of antibiotic treatment. The patients were followed up for Ն 6 months after the complete disappearance of the lesion to exclude any delayed recurrence.
Results

Etiology and Location of Abscesses
In 13 (59%) of 22 patients, a definite source of infection could not be detected. In 6 patients the abscesses were secondary to cardiogenic causes. There were 2 cases of otogenic and 1 case of pulmogenic abscess. All of these 9 patients were receiving treatment with antibiotic therapy for their primary infection prior to the neurosurgical procedure. In addition, 6 others had been treated with antibiotic agents prior to the aspiration and obtaining of pus for culture.
Most of the abscesses occurred in the frontal lobe (11 abscesses), with the parietal lobe (8 abscesses) and the thalamus (7 cases) being the next most common sites (Table 1) . There were 3 abscesses in the basal ganglia, and one each in the corpus callosum and pons ( Fig. 1 left) . Five patients had multiple abscesses in different locations. The larger abscesses with mass effect were treated with stereotactic aspiration while the smaller ones were medically managed. In the 17 patients with single abscesses, 11 abscesses were unilocular and 6 were multilocular. Ten abscesses were 11-20 mm in diameter, 9 were 21-30 mm in diameter, and only 4 were Ն 31 mm in diameter. Only one abscess was Ͻ 10 mm in diameter. In 18 of the 24 abscesses, a reduction of size to Ͻ 5 mm was demonstrated in the postaspiration scan (Fig. 1 center) .
X. G. Kocherry et al. FIG. 1. Contrast-enhanced CT scans. Left: Pretreatment scan demonstrating a large brainstem abscess. Center: Scan obtained after stereotactic aspiration revealing significant reduction in abscess size. There is a small amount of bleeding in the abscess cavity around which the capsule is collapsed. Right: Follow-up scan obtained after 4 weeks of postaspiration antibiotic therapy revealing evidence of complete resolution with a small speck of enhancement.
Culture Results
The initial culture yielded organisms in only 9 patients. In 6 of these, mixed flora consisting of both aerobes and anaerobes were isolated. The predominant anaerobes were Bacteroides species; whereas Streptococcus hemolyticus and nonhemolytic streptococci were the most commonly isolated aerobes.
Postoperative Course
In 3 patients, the postoperative CT scan demonstrated mild bleeding into the abscess cavity, but no surgical intervention was required for treatment of the bleeding. One patient developed ventriculitis in the postoperative period. He underwent repeated intraventricular instillation of antibiotics and subsequent placement of a ventriculoperitoneal shunt for persistent hydrocephalus.
Recurrence of Abscesses
The follow-up period varied from 6 months to 6 years. The minimum duration of follow-up was 6 months following complete resolution of the abscess (Fig 1 right) .
Of the 22 patients, 5 had an early recurrence requiring a further procedure. Three of these 5 underwent repeated stereotactic aspiration (Tables 2 and 3 ). In 1 patient the abscess was reaspirated through the same drill hole using a freehand technique; and in 1 other patient bur-hole freehand aspiration was performed, as the abscess had increased in size during the follow-up period. In 4 of the 5 cases in which repeated aspiration was performed, the pus obtained at the second aspiration did not reveal any organisms, while in 1 the same organism was found as in the initial culture (nonhemolytic streptococci).
In 1 of the 5 early recurrences, the abscess was multilocular, while in the 4 others it was unilocular. In 4 of the 5 cases, the initial abscess diameter was Ͼ 31 mm; in 1 it was 17 mm. In all 5, the initial CT scans demonstrated that the abscesses had thick capsules, suggesting that they were in the chronic phase. The initial postaspiration CT showed a significant reduction (to Ͻ 5 mm) in 2 of these, whereas in 3 others, the abscess size had reduced. The initial postaspiration CT showed a significant reduction (to Ͻ 5 mm) in 2 of these, whereas in 3 others, the reduction was more modest (from Ͼ 31 mm to 11-20 mm).
A late recurrence was not detected in any of the patients during the follow-up period. New lesions were detected in 2 patients, but the lesions were not considered for any surgical intervention because they were small and could be effectively managed with antibiotics.
Discussion
The ideal management of brain abscess aims at reducing the mass effect and resultant increased intracranial pressure with effective control of the infective process. Several management options have been described in the literature, including medical management with antibiotics, aspiration of pus, and excision of the abscess. 22 Although antibiotic therapy is still the mainstay of treatment, pure medical management is usually reserved for the initial stages in which the abscess is not well formed. At most centers management would ideally include obtaining a sample of pus from the abscess to determine appropriate antibiotic therapy.
Aspiration of pus from the abscess cavity via a bur hole has been widely practiced and has been the mainstay of treatment. 5, 9, 12, 15, 23 The location of the bur hole is carefully selected in order to minimize the brain tissue traversed during the procedure. Aspiration of pus, while relieving the increased intracranial pressure, provides pus for culture and sensitivity determination. It also permits irrigation of the abscess cavity and instillation of antibiotics in larger abscess cavities. Being relatively safe, it can be performed in critically ill and moribund patients under local anesthesia.
Alternatively, excision of the abscess via a craniotomy has been advocated as the treatment of choice for abscesses with well-formed capsules. 3, 20 Excision of the abscess has the advantage of facilitating removal of all the purulent material along with the wall of the abscess, while providing immediate relief of intracranial pressure and allowing a relatively shorter duration of antibiotic therapy. Occasionally initial aspiration and subsequent antibiotic therapy is followed by excision of the abscess wall (secondary excision). 20, 22 Aspiration of pus from the abscess cavity has been performed using freehand techniques or with ultrasound or stereotactic guidance. 10, 13, 20, 21 Stereotactic procedures have the advantage of localizing the abscess cavity with extreme precision, thus reducing the multiple attempts at aspiration witnessed with freehand techniques. This is of considerable importance in deep-seated abscesses and abscesses located in eloquent areas where accurate localization is considered essential. [6] [7] [8] 10, 16 The present study extended over a 7-year period and only involved patients with brain abscesses treated with stereotactic aspiration. During the same period 176 intracranial abscesses were excised and 289 abscesses were aspirated without stereotactic guidance. Thus, the studied population represents a selected group of patients who were considered for stereotactic aspiration. We considered stereotactic aspiration only for patients with abscesses located in deep white matter, the basal ganglia, the thalamus or the brainstem, or abscesses located in eloquent cortex. Patients who had undergone freehand bur hole aspiration or craniotomy and excision were excluded from the study. This study did not include any cases of cerebellar abscess-
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Stereotactic aspiration of abscesses 3 es as they have been preferably managed at our institution with craniotomy and excision.
Mortality and Morbidity
Such stereotactic procedures as needle biopsy and aspiration have been reported to have been associated with a very low morbidity and mortality. 17 The incidence of hemorrhage in the probe track is considerably reduced as probes are blunt-tipped and the associated rigid fixation avoids the "leukotome effect" seen with a freehand aspiration. 1 Though 3 of our patients experienced mild bleeding into the cyst cavity as demonstrated in routine postaspiration CT, all were asymptomatic and none required a surgical procedure, indicating that these were relatively minor complications.
In our study, ventriculitis developed in 1 patient with a thalamic abscess. The ventriculitis was managed by intraventricular instillation of antibiotics along with intravenous antibiotic therapy, but the patient subsequently developed hydrocephalus requiring insertion of a ventriculoperitoneal shunt. Although none of our patients died during the study period, other authors have reported various mortality rates (0-7%) in patients with brain abscesses treated with stereotactic aspirations.
2,4,10,14
Recurrence of Abscesses
Recurrence of intracranial abscesses during treatment with antibiotic agents has been described in the literature. The reported rates of recurrences after stereotactic aspiration vary from 0 to 24%. 2, 4, 10, 14 In an early report, Dyste et al. 6 reported 100% success with a single stereotactic procedure. In subsequent studies, however, recurrence has been reported following initial stereotactic aspiration. Kondziolka et al. 10 reported a 72% success rate with single-procedure stereotactic management, with multiple procedures resulting in resolution in an additional 21% of patients. Mamelak et al.
14 reported that 62% of their patients required additional surgery for further drainage after the initial aspiration. A reoperation was considered if an enlargement of the abscess was seen after a 2-week interval or no reduction in size was observed after 3-4 weeks of antibiotic therapy following the initial aspiration. In another study, Kutlay et al.
11 noted a recurrence in 2 (15.3%) of 13 patients who had had a documented reduction in abscess size after the initial aspiration and were being treated with antibiotic and hyperbaric oxygen therapy. The lesions did, however, resolve with repeated aspiration and continued antibiotic therapy.
In the present series, there were 5 early recurrences (representing 21% of our patient group).There was no late recurrence. All 4 patients who had an abscess diameter Ն 3 cm experienced recurrence, indicating that the initial size of the abscess is an important factor in the outcome of stereotactic aspiration. In a previous communication, patients cured with only medical therapy were reported to have had relatively smaller abscesses (average diameter 1.7 cm) than those in whom medical therapy failed (average diameter 4.2 cm).
18
Three of 5 recurrent abscesses in our patient group were deep seated, indicating that depth of the lesion was another significant factor for recurrence. Of these, one was in the basal ganglia and 2 others were in the thalamus. It has been reported that residual foci of infection in cortical gray matter could more easily be eradicated than residual foci in the periventricular regions because of the greater vascular supply of gray matter relative to white matter. 6, 24 The size of the postaspiration residual abscess was also related to recurrence. In 4 of the 5 patients who had recurrent abscesses in our case series, the postoperative CT performed within 6 hours of aspiration revealed a residual abscess size between 11 and 20 mm, indicating that inadequate aspiration at the initial session was a possible factor for recurrence. A similar view has been expressed by Kondziolka et al. 10 Long-term immune suppression has been considered as a factor associated with recurrence, 10 but there were no patients receiving long-term immunosuppressive therapy in our patient group. Similarly, we did not encounter any cases in which recurrence was associated with the presence of antibiotic-resistant organisms.
Repeated stereotactic aspiration or craniotomy and excision (secondary excision) have been recommended for the surgical management of recurrent abscesses.
14, 20 We did not consider secondary excision in view of the abscess locations and preferred to manage them with repeated aspirations and continued antibiotic therapy. Though we prefer stereotactic techniques for reaspiration, in 2 patients we used the previous twist-drill craniotomy with the depth calculated from the CT scan for a freehand aspiration to reach the abscess cavity. This technique was not associated with any untoward effects considering that it is almost impossible to deviate through the twist-drill hole craniotomy track while coursing through the calvaria if the probe is of a similar diameter as the drill bit. With the present strategy we achieved complete resolution in all cases, with no late recurrence.
In a unique report, Kutlay et al. 11 described using adjuvant hyperbaric oxygen along with stereotactic aspiration and systemic antibiotic therapy and achieving a 15% recur-X. G. Kocherry et al. rence rate in 13 patients with intracranial abscesses. The authors opined that hyperbaric oxygen therapy can reduce the duration of antibiotic therapy and the need for reoperation. Stereotactic placement of an intracavitary catheter for evacuation of pus and intermittent instillation of antibiotics also has been described as a means of reducing the risk of recurrence after aspiration.
4
Conclusions Stereotactic aspiration of deep-seated abscesses and eloquent-region lesions is safe and can be performed in all age groups. Early recurrence was seen in 20% of the patients in the present series. The recurrent abscesses could be satisfactorily treated with a combination of antibiotics and repeated aspiration. There were no late recurrences with this modality of management.
